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The CERN 400 Gev Proton synchrotron (SPS) will be used as 20 GeV positron/electron injector of the Large e_e+ converterElectron-Positron storage ring (LEP) under construction at CERN. The SPS will be fed with 3.5 GeV positrons/ electrons from the CERN 28 GeV Proton Synchrotron (PS) which in turn receives the particles from a new pre-injector under construction. The latter consists of a 600 MeV storage ring acting as a buffer between a 600 MeV S-band linac cycling at 100 Hz and the slow-cycling synchrotrons; the positron source is a converter target downstream of a 200 MeV linac.
(LAL), Orsay consisting of 32 cavities and, after ejection from the long straight section LSS6 of the SPS, they are sent to LEP through two new transfer channels. Finally, the beam is injected in the arcs of LEP about 560 m away from the LEP crossing point 1.
Description of operation
Four e-acceleration cycles are fitted in the deadtime of the SPS between the proton cycles. Fig.2 gives schematically the magnet supercycle of SPS and PS, the total beam current in EPA and the pulsing periods of the linac versus time. The first two ecycles are used for e+ acceleration, the last two for the e. Hence, both beams in LEP are built up nearly simultaneously so that RF beam loading and space charge detuning are the same for both beams, and correction of these effects is facilitated. Table 1 gives some key parameters, the linac intensity, and the bunch intensities. The last column shows the transfer efficiencies. Number of bunches and sign of charge indicated on cycles.
One period correspondig to a SPS supercycle in the middle of a LEP filling is examined in the following. Fig.2 shows that the e+ are collected in EPA during the relatively long SPS proton cycle because the linac e+ current is low. The linac pulses are put in turn into the eight buckets of EPA by stacking the pulse in betatron phase space close to the stored bunch. The time elapsing between two injections into the same bucket is 80 ms, sufficiently long compared to the EPA damping time (Tx=30 ms).
Once the required intensity is reached each of the 8 e+ bunches is moved onto a thin electrostatic septum which cuts the bunch into two halves and deflects one half into the transfer channel to the PS. The other 8 halves remain in EPA and are saved for the next e+ cycle. The 8 bunches injected into the PS are accelerated to 3.5 GeV and transferred to the SPS where they are accelerated to 20 GeV and sent to LEP. In LEP, two SPS bunches are stacked, either in horizontal betatron or synchrotron phase space, close to each one of the four circulating bunches so that, after injection,each stored LEP bunch has two companions performing damped betatron or synchrotron oscillations around it (txLEP= 0.4s, wigglers on).
The second e+ cycle starts with the transfer of the remaining 8 half bunches from EPA to the PS, and this second e+ batch is handled in the same way as the first batch in the rest of the injector chain.
As The linac pulse length fits easily into the RF bucket leaving some latitude for trading peak current/pulse length against the energy spread due to the phase spread in the linac beam.
Modifications and additions to the synchrotrons
Relatively few modifications are required because e-operation is very similar to proton operation and the beam transfer of e+ and e& between the two machines uses the same equipment as the pp transfer. The synchrotron radiation power is very weak due to the low beam currents and the radiation does not penetrate the vacuum chamber walls except at the highest energies of the SPS. Since the resulting radiation dose per year remains small compared to the dose received during proton operation, this is of no concern.
Initial radiation-induced outgassing is expected to be high but dedicated beam-cleaning runs will reduce the pressure rise to an acceptable level.In the PS, some improvements of the more contaminated parts of the vacuum system might be required.
The new RF cavities must be strongly damped during proton operation to avoid instabilities. An important effort will be needed to deal with the increased complexity of the operation.
Since the PS has a combined-function lattice, the horizontal betatron oscillations are anti-damped (Jx= -1) and the equilibrium energy spread (Je=4) at 3.5 GeV is very small. Although the effect of the anti-damping could be limited by operating with a short accelerating cycle, the energy spread determined by adiabatic damping and the small equilibrium value turns out to be inacceptable for beam stability at this low injection energy of the SPS. It is proposed to install 2 Robinson wigglers, so that the damping partition numbers can be changed at will6, and to add a 114 MHz RF cavitiy (1MV) producing the correct bunch length and replacing the radiation loss of 0.2 MeV per turn.
With this equipment two different modes of acceleration9 up to 3.5 GeV are possible.
The largest addition to the synchrotrons is the RF-system in the SPS consisting of 32 (200 MHz) cavities providing together a peak voltage of 32 MV. The present 200 MHz RF-system consists of TW structures which provide only 8 MV but cope with the large frequency swing and heavy beam loading occuring during proton operation.
Its extension is not practical because the effective energy gain per unit length is relatively low. The new cavities will be installed in the two missing-magnet straight sections on either side of long straight section LSS3 which houses the TW system. Each cavity has its own 65 kW tetrode amplifier sitting on top of the cavity and coupled directly to it.
Beam transfer from SPS to LEP
Positrons and electrons are ejected from the SPS in straight section LSS6 partly using equipment of the proton ejection (see Fig.1 ). The transfer tunnels lead from LSS6 downwards to LEP with slopes reaching 16% in order to make the transfer tunnels as short as possible. After having passed a phase-plane exchange section the injected beam approaches LEP from above and is bent into the plane of the LEP ring by a steel-septum magnet.
The beam now continuing just outside the LEP aperture then enters a copper-septum magnet which makes it parallel to the already circulating beam. The latter is brought close to the other side of the 2mm thin septum by a fast orbit bump. In order to be able to generate a bump independent of the LEP phase advance three kicker magnets are foreseen. Space for the injection equipment is created in the lattice by reducing the number of dipole magnets in the 2x2 injection cells. Consequently, the magnetic field of the remaining dipoles must be increased so that the LEP geometry is conserved.
Judicious choice of the longitudinal position of these dipoles also avoids perturbation of the dispersion function in the rest of LEP.
Status
Most of the equipment is under design and prototype work is advancing.
The gun-buncher ensemble of the high-intensity linac had already operated according to specification in a test delivering currents up to 10 A within 10 ns pulse length at 25 MeV. The linac TW section is designed and a 1.5 m long prototype is built. Prototypes of the 35 MW klystrons are under development in industry and a prototype klystron modulator is near completion. The LIPS system has been tested using a resistive load; the expected power enhancement with an instantaneous peak power of 100 MW has been obtained using a 20 MW klystron1o. The area near the PS foreseen for the pre-injector has been cleared and the linac building is under construction. A prototype wiggler for the PS will be available this year for the first tests with proton beams to verify effects on the optics of the PS. The new SPS cavities are in fabrication and measurements of damping behaviour and higher-order mode excitation have been performed with proton beams on a passive prototype cavity in the SPS ring. Tests of the prototype tetrodes are under way and the required power level of 65 kW has been reached during operation with a resistive load. 5 . References
